n hypertension, left ventricular hypertrophy (LVH) predicts an increased morbidity and mortality due to the occurrence of ventricular arrhythmias. 1,2 QT dispersion (QTD), which is defined as the difference between the maximum and minimum QT intervals occurring in any of the 12 leads of the electrocardiogram (ECG), is a reflection of the regional variation in ventricular repolarization and is believed to have predictive value in the assessment of the risk for ventricular arrhythmia. 3, 4 An ECG at rest showing increased QTD has recently been reported to be a characteristic of hypertensives with LVH. 5, 6 However, little is known about the QTD measured after exercise. Hypertension is a risk factor for coronary artery disease in patients who have been shown to have increased QTD. 4 When the effects of LVH in hypertension on QTD are evaluated, the effects of coronary artery disease, through which hypertension complicates QTD, should be excluded. To rule out coronary artery diseases completely, coronary angiography is desirable.
Methods

Subjects
We studied 70 patients with essential hypertension (EH). Hypertension was defined as a systolic blood pressure of greater than 140 mmHg and/or diastolic blood pressure of more than 90 mmHg on at least 3 different occasions. All subjects underwent treadmill stress tests and coronary angiography. All of them showed negative exercise stress test results, defined by standard ST-segment depression criteria, and had no significant coronary artery stenosis or vasospasm. If the patients had taken antihypertensive drugs, the administration of these was stopped at least 2 weeks before the study. Subjects who had suffered a myocardial infarction, atrial fibrillation, or presented with bundle branch block were excluded. Approval for this study was obtained from the institution's Ethics Committee, and written informed consent was obtained from each subject. The 70 patients were divided into 2 groups on the basis of the echocardiographic measurement of their left ventricular mass index (LVMI). Hypertensive patients with LVH consisted of 7 men and 13 women; the hypertensives without LVH were 23 men and 27 women.
Coronary Angiography
All participants underwent coronary angiography and had no coronary artery disease, defined as one or more vessels with stenosis of 50% or more. Methylergometrine maleate (Novartis, Tokyo, Japan), dissolved in 20 ml of 0.9% saline, in incremental doses of 20 and 40 g, was injected over 2 min into the coronary artery to exclude vasospastic angina. A positive methylergometrine maleate test result was defined as the occurrence of severe (>75% reduction in lumen diameter) coronary spasm. 7 All subjects were negative for the methylergometrine maleate test.
Echocardiographic Measurement M-mode echocardiograms, guided by 2-dimensional echocardiography, were obtained using a Sonolayer (SSA-380A, Toshiba Co, Tokyo, Japan) with a 2.5-or 3.75-MHz transducer. Left ventricular end-systolic and end-diastolic diameters (LVDd), and interventricular septal (IVS) and posterior wall thickness (PWT) were measured in accordance with the recommendations of the American Society of Echocardiography. 8 The left ventricular ejection fraction (LVEF) was calculated using the Teicholz regression formula. 9 Left ventricular mass (LVM) was calculated using the Devereux formula 10 :
The LVM index (LVMI) was calculated by dividing the LVM by the body surface area. LVH was diagnosed when the LVMI exceeded 134 g/m 2 in men and 110 g/m 2 in women. 11 
Exercise Electrocardiography
All participants were subjected to the treadmill stress test, which was performed according to the modified Bruce protocol. Treadmill tests began at 1.7 miles/h at 10% grade. Every 3 min participants were advanced to a new stage (2.5 miles/h and 12% grade at stage 2; 3.4 miles/h and 14% grade at stage 3; 3.8 miles/h and 14% grade at stage 4; 4.2 miles/h and 16% grade at stage 5). The subjects were asked to exercise until one of 2 endpoints was reached: an agespecific target heart rate or the development of symptoms necessitating termination of the test. The exercise test was considered positive if there was more than 1-mm ST horizontal or down-slope segment depression or more than 2-mm ST up-slope depression 80 ms after the J point on the exercise ECG. In this study, all participants tested negative during and after the treadmill exercise.
QTD Measurement
QT intervals were measured in as many limb and precordial leads as possible in the 12-lead ECG, recorded at 25 mm/s at the baseline (minimum of 9 and mean of 10.5 leads) and peak exercise by a single observer. QT intervals were measured manually from the first deflection of the QRS complex to the point of the T wave offset. When the T wave was fused with the U or P wave, a straight line was drawn tangenital to the downstroke of the T wave, and the intersection of the latter with the baseline was taken as the end of the T wave. If the T wave could not be reliably determined or if it had a very low amplitude, QT measurements were not obtained, and these leads were excluded from the analysis. ECGs with fewer than 8 leads available for analysis were excluded from the study. QT apex intervals (QTa) were measured from the onset of the QRS to the apex of the T wave. QTD and QTa dispersion (QTaD) were defined as the difference between the maximal and minimal QT or QTa interval, respectively. The QT and QTa intervals were corrected for heart rate using Bazett's equation (QTc (QTac) = QT (QTa)/square root of RR interval in seconds). 12 Heart-rate-corrected QTD (QTcD) and heartrate-corrected QTaD (QTacD) were calculated in a manner similar to QTD and QTaD. The QT interval measurements were performed while blinded to clinical and echocardiographic data. A random sample of ECGs (n=20) was analyzed by a second observer and the results compared with those of the first observer who had been directly involved in data collection. The mean interobserver differences in QTD and QTaD were 9 ms and 6 ms, with correlation coefficients between observers of 0.93 and 0.96 at rest, and were 10 ms and 7 ms, with correlation coefficients between observers of 0.90 and 0.95 at peak exercise. Twenty randomly selected ECGs were analyzed on 2 separate days with a time interval of at least 10 days. The mean intra-observer variations in QTD and QTaD were 8 ms and 4 ms with correlation coefficients on separate days of 0.94 and 0.98 at rest, and were 8 ms and 3 ms with correlation coefficients of 0.92 and 0.98 at peak exercise.
Statistical Analysis
Values are expressed as the mean ± SD. All measurements in hypertensive patients with and without LVH were compared using the unpaired Student's t test or the chisquared test. A paired Student's t test was used to compare the values at the baseline and those at the peak exercise level. Simple regression analysis was used for assessment of the correlation between variables. A p value of <0.05 was accepted as statistically significant.
Results
Patient Characteristics
There were no significant differences in sex, age, fasting blood sugar, or lipid values between hypertensive patients with or without LVH. IVS, PWT, and LVMI were signifi- cantly higher in hypertensives with LVH than in those without LVH. No difference between the 2 groups was detected in LVDd and EF (Table 1) .
Treadmill Exercise Test Data
No significant differences were observed between hypertensive patients with or without LVH with regard to resting and peak diastolic blood pressure, resting and peak heart rate, or duration of exercise. However, resting and peak systolic blood pressure were significantly higher in hypertensives with LVH than in those without LVH (Table 2) . Testing was terminated because of (1) reaching the target heart rate (LVH+, n=10; LVH-, n=28), (2) shortness of breath (n=2; n=5), and (3) leg discomfort (n=8; n=17).
QTD and QTcD
There were no significant differences in resting QTD and QTcD between hypertensives with or without LVH. After exercise, QTD significantly decreased compared with the baseline value in hypertensives without LVH, whereas in hypertensives with LVH, QTD remained unchanged. QTcD significantly increased after exercise in hypertensives with LVH (Table 3) .
QTaD and QTacD
There were no significant differences in resting QTaD and QTacD between hypertensives with or without LVH. At fast heart rates after exercise, T and P waves may fuse, and the QT interval is sometimes difficult to measure. In such a situation, QTaD may be helpful. 13 After exercise, QTaD significantly decreased compared with the baseline value in hypertensives without LVH, while in hypertensives with LVH, QTaD and QTacD increased (Table 4) . QTaD and QTacD were positively correlated with LVMI using the total of all subjects (Figs 1, 2 ). QTaD and QTacD were similarly positively correlated with peak systolic blood pressure (r=0.321, p=0.014 and r=0.306, p=0.020).
Discussion
The major finding of the present study was that exercise widened the regional variation in ventricular repolarization. To the best of our knowledge, this is the first report to demonstrate the influence of exercise on QTD and QTaD in hypertensive patients with LVH.
In order to evaluate the effect of LVH on QTD and QTaD, we carefully ruled out the possibility of coronary artery disease from all subjects, because it has been reported that QTD and QTaD increase in patients with coronary artery diseases such as angina pectoris 4, 14, 15 and vasospastic angina. 16 In the present study, all subjects were subjected to coronary angiography and were diagnosed as having no significant coronary artery stenosis. Moreover, the possibility of vasospastic angina was ruled out on the results of the methylergometrine maleate test. Syndrome X was excluded because none of the subjects showed STsegment depression during or after exercise. 17 QTD has been shown to change during administration of angiotensinconverting enzyme inhibitors. 18 However, no subjects in this study were receiving any antihypertensive medication. Therefore, the changes in QTD and QTaD induced by exercise in the present study are purely due to LVH.
QTD has been reported to vary between 50 and 60 ms at rest in healthy subjects. 15, [19] [20] [21] The QTD at rest measured in hypertensives without LVH in the present study was consistent with that of healthy subjects described in previous reports. Therefore, the QTD at rest does not increase in hypertensives without LVH. After exercise, QTD and QTaD significantly decreased compared with the values at rest in hypertensives without LVH. QTD in healthy subjects has been reported to fall with increased heart rates. 15, 22 Therefore, the QTD response after exercise in hypertensives without LVH was similar to that of healthy subjects, indicating that only hypertension had no influence the QTD at rest or after exercise. The baseline QTD and QTaD values measured in hypertensives with LVH were similar to those in hypertensives without LVH. However, in some previous reports, the baseline QTD in hypertensives with LVH has been reported to increase. 5, 6 The left ventricular mass in hypertensives with LVH was less in the prresent study compared with previous reports, which may be due to the fact that the present hypertrophic population included a relatively high number of mild cases of LVH. There are no previous reports in which coronary artery diseases were ruled out using coronary angiograms. QTD reportedly increases with some types of coronary artery disease, even at rest. 4 Therefore, the possibility exists that hypertrophic patients with coronary artery disease who have no ischemic ECG changes may have been included in the hypertrophic subjects in the previous reports.
In hypertensive patients with LVH, QTD at peak exercise level was unchanged compared with that at rest. However, QTcD, QTaD and QTacD all increased. The reason for this discrepancy may be as follows. T and P waves fuse after reaching a very fast heart rate at peak exercise and the QT interval may be underestimated. The underestimated QT interval might cause the underestimated QTD. In such a situation, it is possible that QTaD is a substitute for QTD. 13 Moreover, QTaD and QTacD were positively correlated with LVMI. Therefore, it is suggested that hypertensive LVH induces the increase in regional variations in ventricular repolarization under exercise stress. The potential mechanisms of an increased regional variation in ventricular repolarization after exercise in LVH are explained as follows. Myocyte hypertrophy may cause an extension of the action potential duration, and the proliferation of cardiac interstitial tissues may be associated with a reduced action potential amplitude and membrane potential, a shortened action potential duration, or electrical quiescence. 23, 24 Either of these features could result in an increased QTaD and QTacD if the changes in different parts of the ventricle are nonhomogeneous. Because QTaD and QTacD were positively and significantly correlated with systolic blood pressure at peak exercise, increased stretching of myocardial fibers caused by blood pressure elevation at peak exercise may also account for the increased QTaD and QTacD. 5 In conclusion, QTcD, QTaD and QTacD increased after exercise in hypertensive patients with LVH. Repolarization inhomogeneity is induced by exercise stress in hypertensives with LVH.
